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INTRODUCTION
The relationship between the soil water pressure (suction) and water content is described by soil-water characteristic curve (SWCC) (also called "retention curve") for partly saturated soils. One of the most significant features of the SWCC is its hysteretic behaviour (Fig.1) . The drying path (e.g. decrease of water content, usually due to evaporation) differs from the wetting path (e.g. increase of water content due to imbibition or infiltration). Experimental studies have shown closed hysteresis loops emerge between wetting and drying branches of the SWCC during variation of water content [1, 2, 3, 4, 5, 6] . These transition curves are called scanning curves. The hysteretic nature of SWCCs complicates modelling of various unsaturated soil mechanics problems since there can be endless number of possible transition paths between virgin drying and virgin wetting curves depending on the wetting-drying history, initial water content and soil type.
Hysteresis models were proposed in the literature in order to trace scanning curves [7, 8] . In this study, novel formulations for scanning curves were developed in the incremental form. 
where, θmax is the maximum volumetric water content of wetting scanning curve, θmax,w is the maximum volumetric water content of the virgin wetting curve, θsat is the drying saturated volumetric water content of the virgin drying curve, θres is the residual volumetric water content and θrr is the value of volumetric water content at the begining of this cycle of wetting. For each point on the scanning curve, the suction values on the virgin drying and virgin wetting SWCC correspond to preceding and current water content are determined. Unknown suction value for current water content should lie in between these suction values and following relations are devised. The proposed relations are given in the form such that subscript j refers to temporal variation. In the following Fig.2 variables of the developed relations are illustrated. The relation of scanning curve in the direction of wetting is given in equation [3] .
where, log(Ψj) is the logarithm of unknown suction value at present, log(Ψ w j) is the logarithm of corresponding value of suction on virgin wetting curve for θj, Ψj-1 is the value of suction at previous time step, Ψ w j-1 is the corresponding value of suction on virgin wetting curve for θj-1, Ψ d j-1 is corresponding value of suction on virgin drying curve for, θj-1 ,θmax is ultimate wetting saturated water content and it can be determined by using equation [2] , θj is the water content at present condition, θj-1 is the water content at previous condition, Ψ d j is the corresponding value of suction on virgin drying curve for θj, Ψ w j is the corresponding value of suction on virgin wetting curve for θj and K is the power-type parameter, which controls the flatness of the scanning curve. It should be noted that virgin drying and virgin wetting curves can be in the form of retention curve equations such as Van Genuchten (1980), [9] . Similarly, the scanning curve equation in the direction of drying is given equation [4] .
Calibration of Proposed Hysteresis Model
Proposed scanning curve equations are fit onto experimental data found in the literature, using the power (K) as fitting parameter (Fig. 3-14) . Least square regression method was used in the calculations. Coefficient of determination (R 2 ) values were determined by setting logarithm of suction values as independent variable in the regression analysis. The sensitivity of scanning curves to the power parameter K is investigated (Fig. 15) . The variation of the power parameter, K only marginally changes the shape and accuracy of the generated scanning curves.
An Empirical Equation For
Parameter K The power parameter, K in the relations appears to depend on various properties, such as regime (drying or wetting), soil type and regime reversal water content (θrr). A relationship was found between the K and the ratio of the difference between θrr and the initial value of water content on the virgin curve of that regime direction (e.g. θres for wetting and θsat for drying) to the entire water content range of that virgin curve. An empirical equation based on this relationship was proposed to estimate K parameter for given soil (Fig. 16 , Equ. 5-a for wetting regime and Equ. 5-b for drying 
CONCLUSION
A formulation for scanning curves was developed, based on interpolation over logarithmic scale of suction and a variable exponent (K) of water contents. An empirical equation for K was devised, based on calibration against experimental data found in several sources from the literature. Consequently, only virgin wetting and virgin drying SWCCs and the point of regime reversal suffice to define the scanning curve. Equations [2] , [3] and [5-a] can be merged to model wetting regime scanning curve, whereas equations [4] and [5-b] together define the drying scanning curve. The proposed relations can be used in incremental form to predict changing suction in different frameworks (e.g. elastoplastic constitutive models, infiltration and evaporation models) and related physical problems.
